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Abstract 
The derivation of the nonlinear equation is obtained by the topological relation and the conservation laws of mass, energy and momentum 
of ventilation network. The nonlinear simulation model of airflow is established under the Simulink platform of Matlab accord ing to the 
nonlinear equations. Then the effects of the break of wind resistances caused by breakthrough roadways and of increasing wind 
resistances on the airflow variation are simulated. The results show that the break of wind resistances has no great influence on the 
distribution of airflow in ventilation network. But the values of the wind resistances affect significantly the distribution of airflow in the 
ventilation network, indicating that if the increase of wind resistances on the non-diagonal branch could result in the decrease of time for 
airflow stability and of airflow volume on other breaches of the same passageway. 
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and Business, China Academy of Safety Science and Technology. 
 
. 
Keywords: Airflow of ventilation network, Nonlinearity, Simulink simulation, Airflow stability, Airflow distribution  
1. Introduction 
Ventilation is prerequisite for the safe work in many industries. For instance, ventilation plays an eminent role in 
underground mining, which provides sufficient fresh air for mining workers and exhausts the pollutants, carbon dioxide, 
methane and other toxic gases. However, the nonlinear variation of airflow in ventilation network leads to the unstable state 
of ventilation system and even causes fatality such as gas explosion, suffocation and so on. Therefore, it is necessary to 
carry out the investigation for nonlinear variation of airflow in ventilation network. 
With the development of control theory and computer technique, a number of academics and professionals utilize the 
control theory and simulation to study the nonlinear variation issue of ventilation network. The feedback control law was 
investigated on the basis of the characteristics of flow network [1-4]. The quantitative control of airflow in ventilation 
network in time of fire was carried out by the optimized theory [5]. But several intricate issues block the development of 
nonlinear ventilation investigation. The appropriate mathematical model of nonlinear variation of ventilation network hasn’t 
been established. Due to lack of effective simulation platform, the rate of stability hasn’t been analyzed sufficiently. 
In this paper, the mathematical model of nonlinear variation of ventilation network is established based on the mass, 
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energy and momentum conservation equations. Simulink of Matlab software is utilized to simulate the rate of stability and 
distribution of airflow volume in the ventilation network. 
2.  Mathematical model 
  Assuming that the number of network branches is n and the number of network nodes is m. 
2.1 Conversation equation in the ventilation network 
(1) Mass conservation 
In the case of node i and branch j in the ventilation network, air volume of node i meets the mass conservation law: 
j 1
0
n
ij je q
 
 ¦ ,  i=1, 2, …, m-1                                                                         (1) 
where qj is the air volume of the branch j, m3/s; the values of eij are defined as follows: eij=1 if branch j is connected to node 
i and the air flow goes away from node i, eij=-1 if branch j is connected to node i and the air flow goes into node i, eij=0 if 
branch j is not connected to node i. 
(2) Energy conservation 
In the case of node i and branch j in the ventilation network, pressure drop of mesh i which is formed by a link and a 
unique chain in the tree connecting two endpoints of the link satisfys the energy conservation law: 
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 ¦                                                                                       (2) 
where hj is pressure drop of branch j, pa; the values of cij are defined as: cij=1 if branch j is contained in mesh i and has the 
same direction, cij=-1 if branch j is contained in mesh i and has the opposite direction, cij=0 if breach is not contained in 
mesh i. 
(3) Momentum conservation 
The momentum conservation equation of one breach of the ventilation network is described as [6]: 
d dj j j j j fj j jq t K R q q h K h                                                                       (3) 
where t means time, s; Rj is the resistance of branch j, (kg/m7); Kj is the inertia coefficient, (kg/m4); hfj is the pressure drop 
caused by fan in breach j. 
2.2 Nonlinear variation model 
In order to obtain the model briefly, air volume and pressure drop of links are listed in front of the air volume and 
pressure drop vector, respectively.  
Air volume vector: 
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Pressure drop vector: 
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where QL and HL are the air volume vector and pressure drop vector in the links; QT and HT are the air volume and pressure 
drop of other breaches in trees. 
Consequently, the matrix (E, C) of eij and cij can be written as: 
[ ]
[ ]
L T
L T
 ­®  ¯
E E E
C C C
                                                                                   (6) 
where EL is a (m-1)×(n-m+1) matrix; ET is a (m-1)×(m-1) matrix; CL is a (n-m+1)×(n-m+1) matrix; CT is a (n-m+1)×(m-1) 
matrix. 
In terms of the theory of topology, the matrix of closed path can be written as [ ] [ ]L T T  C C C I C  [7]. I is the 
unit matrix. Then the mass conservation can be described as: 
0L L T T   EQ E Q E Q                                                                             (7) 
The energy conservation can be given by: 
0L L T T L T T     CH C H C H H C H                                                              (8) 
According to Eq. (7), QT can be written as: 
1
T T L L
 Q E E Q                                                                                    (9) 
And in terms of Eq. (8), HL can be written as: 
L T T H C H                                                                                    (10) 
The matrix form of the momentum conservation of ventilation network can be formulated as: 
2
d ftw w    Q kQ R kH kH                                                                        (11) 
where k is the matrix of inertia coefficients in ventilation network; Qd2 can be written as 
2
1 1 2 2( , ,..., )d n ndiag q q q q q q Q ; R is the matrix of resistance; Hf is the matrix of pressure drop caused by fan. 
According to Eqs. (10) - (11), the matrix of pressure drop can be described as: 
2
d f H YQ R YH                                                                               (12) 
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Substituting Eq. (12) into Eq. (11),  
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2
d ftw w  Q BQ R BH                                                                             (13) 
where B=k(Y-I), I is unit matrix. Eq. (13) is the mathematical formulation of nonlinear variation of airflow in the ventilation 
network, which indicates that the nonlinear distribution of air volume and nonlinear variation of stable rate. 
3. Simulation 
Simulink platform of Matlab is employed to simulate the nonlinear characteristics of airflow in the ventilation system. 
The ventilation network system simulated is represented in Fig. 1. The parameters of breaches are shown in Table 1. The 
number of nodes is 6 and the number of breaches is 8. The breach e8 is a virtual breach, and resistance of e8 equals to 0. The 
fan exists in breach 7. As shown in Fig. 1, there are three links in the studied ventilation network system: e2, e3 and e4. Then 
the subsequent list of air volume vector and pressure drop vector is: e2, e3, e4, e5, e6, e7, e8 and e1. The coefficient matrix B 
can be calculated using Matlab. 
0.1038 0.1038 -0.0398 0.0398 -0.064 0 0 0
0.1038 0.1038 0.0398 0.0398 0.064 0 0 0
-0.0398 0.0398 -0.0919 0.0919 0.0521 0 0 0
0.0398 -0.0398 0.0919 -0.0919 -0.0521 0 0 0
-0.064 0.064 0.0521 -0.0521 -0.1161 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

 
 B
ª º« »« »« »« »« »« »« »« »« »« »« »¬ ¼                                        (14) 
Table.1.Parameters’ values of branches in the ventilation network 
Breaches No. Inertia coefficients K/( kg/m4) 
Resistance 
r/(kg/m7) 
1 0.56 0.078 
2 0.21 0.13 
3 0.23 0.4 
4 0.27 0.21 
5 0.2 0.25 
6 0.1 0.28 
7 0.4 0.07 
8 0 0 
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Fig. 1. Simulated ventilation network system. 
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According to the coefficient matrix B, the variation of air volume of breaches with time can be described as: 
2q tw w =-0.1038r2q22+0.1038r3q32-0.0398r4q42+0.0398r5q52-0.064r6q62                                           (15) 
3q tw w =0.1038r2q22-0.1038r3q32+0.0398r4q42-0.0398r5 q52 +0.064r6q62                                           (16) 
4q tw w =-0.0398r2q22+0.0398r3q32-0.0919r4q42+0.0919r5q52+0.0521r6q62                                         (17) 
5q tw w =0.0398r2q22-0.0398r3q32+0.0919r4q42-0.0919r5 q52 -0.0521r6q62                                          (18) 
6q tw w =-0.064r2q22+0.064r3q32+0.0521r4q42-0.0521r5q52 +0.1161r6q62                                           (19) 
As can be seen from Eqs. (15)-(19), the variation of e2 and e3, as well as e4 and e5 are the opposite. According to Eqs. 
(15)-(19), the structure model of nonlinear simulation of airflow in the ventilation network can be established. The time step 
is 50s, and the solver is adopted as variable step size ode45. The situation of resistance mutation is investigated. The normal 
situation is the reference for the investigation. In the structure of Simulink simulation, Step Time of the step variation is 
equal to 1 [8-10]. The simulation results are shown in Section 4. 
4. Results and discussion 
Three kinds of simulations are carried out to investigate the resistance mutation situation: step variation, increasing two 
folds and closing breach e6. The simulated results are shown in Fig. 2. 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Fig. 2.Results of different simulation situation: (a) simulation result of normal situation, (b) situation of step variation for r2, (c) situation of increasing two 
folds for r2  and (d) situation for closing breach e6. 
As can be seen from Fig.2 (a), breach e6 has the same direction with the assumed direction in Fig. 1; breach e2 and e4 have 
the opposite direction with the assumed direction in Fig. 1. Moreover, for node 3, mass conservation is satisfied (q4=q2+q6). 
The situation of resistance step variation means the resistance value of breach changes from zero to some value, which 
describes the holing situation. Compared Fig. 2 (a) and Fig. 2 (b), the resistance step variation of breach e2 has no effects on 
the rate of air volume variation and the distribution of air volume. Compared Fig. 2 (a) and Fig.2 (c), the air volumes of 
breach e2 and e6 decrease to 4.5 m3/s and 5.8 m3/s, respectively; the air volume of breach e4 increases to 10.3 m3/s. For nod 3, 
mass conservation is also satisfied in the condition of resistance increased two folds of breach e2. As can be seen from Fig. 2 
(d), air volume of breach e6 equals 0 and air volume of breach e2 and e4 are equal (4.3 m3/s). Therefore, increasing the 
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resistance can decrease the air volume of resistance increased breach, which is in line with the practical results and 
demonstrates that the nonlinear variation theory of airflow in the ventilation network and the Simulink simulation are valid 
and rational. 
5. Conclusions 
(1) Based on the topology theory and conservation laws, the mathematical model to describe the nonlinear variation of 
ventilation network is established. The mathematical model provides reference to the airflow control technique and 
nonlinear variation investigation. 
(2) In terms of the established mathematical model, the structure on the Simulink platform to simulate the rate of airflow 
stability and the nonlinear distribution of air volume is constructed. A ventilation system is studied and the situations of step 
variation and increasing resistance of breach are investigated to prove the validity of nonlinear variation theory and 
Simulink simulation. The results show that the nonlinear variation theory of ventilation network and Simulink simulation 
are valid and rational to analyze the nonlinear variation laws of airflow in ventilation network system. 
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